Objective: To evaluate alpha-tocopherol concentrations in maternal serum and colostrum under fasting and postprandial conditions. Methods: Thirty healthy childbearing women were recruited in a public maternity hospital, and samples of blood, fasting colostrum, and postprandial colostrum were collected from them up to 12 hours after delivery.
Introduction
Vitamin E is a generic term used to refer to eight natural compounds, among which alpha-tocopherol is the one with the highest biological activity. 1 Epidemiological surveys have shown a probable implication of vitamin E deficiency in the pathogenesis of atherosclerosis, diabetes and some types of cancer, as well as in the modulation of inflammation and immune response. 2 During pregnancy, the placental transfer of alphatocopherol is limited, and the fetus has a low circulating concentration of this vitamin. After delivery, breast milk is extremely important as a source of alpha-tocopherol for the newborn infant, as it is essential against oxygen toxicity and helps stimulate the development of the immune system. 1 Newborn infants, especially preterm ones, can be prone to developing clinical symptoms such as hemolytic anemia, intraventricular hemorrhage and bronchopulmonary dysplasia as a result of alpha-tocopherol deficiency. 3 A good supply of this vitamin to newborn infants is critical, Vitamin E in human serum and colostrum under fasting and postprandial conditions chiefly among those from low-income families or for whom breastfeeding is not guaranteed. 4 Colostrum contains a high concentration of alphatocopherol, reaching levels that are six to seven times greater than those of mature milk 5 ; however, the transfer of alpha-tocopherol to the mammary gland is not fully understood.
There is evidence that the daily secretion of alphatocopherol is limited in terms of quantity and does not rely on the volume and contents of fat of the produced milk. 6 Therefore, given the importance of vitamin E to the development of infants, our aim was to investigate the relationship between alpha-tocopherol in human serum and in colostrum, and to assess the influence of fasting and postprandial periods on the concentration of vitamin E in the colostrum.
Methods
This was a cross-sectional study that used a convenience sample consisting of volunteer childbearing women, followed up at Januário Cicco maternity teaching hospital, Natal, Brazil. The sample size was calculated using Statcalc Only women who were free of any diseases, such as diabetes, neoplasias, gastrointestinal and liver disorders, cardiopathies, infectious diseases, syphilis and human immunodeficiency virus (HIV) and who gave birth to fullterm singletons without any malformation were included in the study. The participating mothers reported no use of vitamin E supplements during pregnancy.
The first blood samples were collected after a fasting period, always in the morning, followed by collection of 2 mL of colostrum, also after a fasting period. Colostrum was collected again 3h after breakfast. Therefore, colostrum was collected from each patient twice a day. These collections were performed up to 12 hours after delivery. Colostrum was obtained by manual expression of a single breast at the beginning and at the end of the breastfeed in order to avoid variation in fat contents. Milk and serum were stored at -20 ºC until analysis.
The milk and serum samples were extracted according to a modified version of the technique developed by Ortega et al. 7 Aliquots of 2 and 3 mL from the hexane phase were 
Statistical analysis
Alpha-tocopherol levels were expressed as mean and standard deviation. The Student's t test for paired samples was used to check the differences between the means of parametric numerical data. The differences were significant when p < 0.05. The association between continuous variables (concentration of nutrients in milk and serum) was determined by Pearson's correlation.
Results
The samples were collected from 30 women and were classified as follows: serum, fasting colostrum and postprandial colostrum. Table 1 Correlation between alpha-tocopherol in fasting and postprandial colostrum in groups with lower (< 2,000 μg/dL) and higher (> 2,000 μg/dL) mean serum concentration of alpha-tocopherol * Statistically significant difference -Student's t test for independent samples (p < 0.0001).
corroborated when we simulated the correlation in the group of childbearing women by categorizing them according to the concentration of serum alpha-tocopherol. Fourteen women had a serum alpha-tocopherol concentration lower than 2,000 μg/dL, and 16 women had levels greater than 2,000 μg/dL ( Table 1) . The correlation between alphatocopherol levels in fasting colostrum and in postprandial colostrum was stronger (p = 0.017, r = 0.621) in the group with lower serum alpha-tocopherol concentrations than in the group with higher concentrations (p = 0.029, r = 0.544).
Discussion
The mean age of participants was 24 years and 66.6% of them had one or two children. C-sections were performed in 46.3% of the participants whereas vaginal delivery accounted for 53.6%.
Serum alpha-tocopherol levels indicate good vitamin E nutritional status, which means that an appropriate diet was followed during pregnancy. When alpha-tocopherol levels were compared with those obtained in other studies, their means (1,938.1±766.6 μg/dL) were higher than those found in U.S. women (1,128.4 μg/dL) 10 and in Cuba
(1,029.4 μg/dL). 11 An explanation for the higher levels of serum alpha-tocopherol observed in our study can be related to the fact that the U.S. diet contains a higher amount of gamma-tocopherol than of alpha-tocopherol. 12 The concentration of alpha-tocopherol in the fasting colostrum group (1,603.4±911.0 μg/dL) was similar to that found in Cuba 13 and lower than that of Germany. 14 Alpha-tocopherol levels in postprandial colostrum were not significantly different from those of fasting colostrum, that is, alpha-tocopherol levels did not rise after breakfast, indicating that the transfer of this vitamin is restricted, 7 or that the amount found in the diet was not enough to increase its levels.
The lack of correlation between serum alpha-tocopherol and that found in fasting or postprandial colostrum rules out the existence of passive mechanisms during the transfer of vitamin E from the mammary gland to breast milk. Probably, there must be different mechanisms for the transfer of this vitamin to the mammary gland that do not depend upon plasma concentrations. 15 Actually, the reduction of alpha-tocopherol levels in colostrum by nearly 10 times compared to the levels found in transitional and mature milk points to other transfer mechanisms. 1 The significant correlation between alpha-tocopherol levels in fasting and postprandial colostrum demonstrates that this vitamin will not be restricted in different moments of the maternal diet after the mammary gland transfer barrier is overcome and milk secretion eventually takes 
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